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WATER RESOURCES OF THE HEBER-KAMAS-PARK CITY AREA 
NORTH-CENTRAL UTAH 

by 

C. H. Baker, Jr., Hydrologist 
U. S. Geological Survey 

ABSTRACT 

The Heber-Kamas-Park City area encompasses about 810 square miles in Wasatch and 
Summit Counties, in north-central Utah, and includes four mountain valleys-1'1eber Valley, 
Rhodes Valley, Parleys Park, and Round Valley-with most of the surrounding watersheds. 
Parleys Park and most of Rhodes Valley are in the Weber River drainage basin; Heber and Round 
Valleys are in the Provo River drainage basin. 

The Provo River rises in the southwestern Uinta Mountains and flows to Utah Lake. At 
Deer Creek Dam, on the boundary of the study area, the average annual discharge of the Provo 
River for the 14-year period 1953-67 was 256,300 acre-feet per year; an additional 33,900 
acre-feet per year (average) was diverted for use outside the drainage basin. An average of 68,000 
acre-feet of water per year is added to the Provo River by diversion from other drainage basins. 

The Weber River has its headwaters in the northwestern Uinta Mountains, and flows to 
Great Salt Lake. The average discharge .of the Weber River below Wanship Dam near the north 
end of the study area, for the 10-year period 1957-67, was 110,000 acre-feet per year. During 
that period, an average of 50,600 acre-feet per year was diverted from the drainage basin above 
Wanship Dam. The surface-water discharge from Parleys Park enters the Weber River below 
Wanship Dam through East Canyon Creek and Silver Creek; the discharge from Parleys Park 
averages about 20,000 acre-feet per year. 

The consolidated rocks of the Wasatch Range and Uinta Mountains contain large 
quantities of ground water, mostly in fractures and solution openings, and numerous springs 
discharge water from the consolidated rocks. Despite the abundance of springs and the fact that 
mine workings in the Wasatch Range tap large flows of ground water, most wells yield only small 
supplies of water from the consolidated rocks. The primary permeability of the rocks is low, and 
wells can produce large yields only if they intersect fractures and solution openings. 

Consideration of the water budget for Deer Creek Reservoir, astride the Charleston thrust 
fault, indicates that there is no net loss of water from the reservoir through the fault. An 
unbalance of about 17,000 acre-feet of water per year in the water budget for the valley fill in 
Heber Valley, however, may represent outflow from the valley through the consolidated rocks. 

Most of the wells in the area derive water from the unconsolidated alluvial fill in the four 
valleys. The valley fill consists of a poorly sorted mixture of rock material ranging in size from 
clay through boulders. There is no evidence to suggest the presence of zones of either very high 
or very low permeability in any of the valleys; and the valley fill in all the valleys is saturated, 
generally to within a few feet of the land surface, mostly with unconfined ground water. 

Geophysical studies indicate that the valley fill may be as much as 800 feet thick in the 
deepest parts of Heber Valley and more than 300 feet thick in most of Rhodes Valley. Rocks of 
Tertiary and Quaternary age are more than 1,600 feet thick in the northern part of A hodes 
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INTRODUCTION 

This report on the water resources of the Heber-Kamas-Park City area was prepared by 
the U. S. Geological Survey in cooperation with the Utah Department of Natural Resources, 
Division of Water Rights. The primary purpose of the report is to provide the Division of Water 
Rights with the basic hydrologic information needed for the effective administration of water 
rights in the area. 

The study on which this report is based was an overall evaluation of the water resources 
of the Heber-Kamas-Park City area, and it was made during the period July 1966-December 
1968. Principal emphasis in the study was on ground-water resources, because the surface water 
of the area is fully appropriated, and water for expanded future needs will have to be derived 
from ground-water sources. The primary purposes of the study were to determine the quantity 
and quality of ground water available in the area, to determine the relation of ground water to 
surface water in the area, and to estimate the effects of increased ground-water withdrawals on 
streamflow from the area. 

This report describes the general surface-water hydrology of the study area, evaluates the 
quantity and quality of ground water available from the several aquifers, and discusses the 
relationship of ground water to surface water in the area. The basic data on which the 
interpretations and conclusions in this report are based are included in tables 3-7 in the appendix; 
the data consist of selected data available for the period prior to July 1966 and of field data 
gathered from July 1966 to September 1968. 

A short report by D. L. Peterson, describing the results of geophysical studies in part of 
the project area, is included in the appendix. 

Oescri ption of the area 

The Heber-Kamas-Park City area lies between the Uinta Mountains and the Wasatch 
Range in Summit and Wasatch Counties, north-central Utah (fig. 1 ). It includes four mountain 
valleys-Heber Valley, Rhodes Valley, Parleys Park, and Round Valley-and most of the 
surrounding drainage area. Although the study area includes about 810 square miles, thic; study 
was most concerned with the availability of water in the four valleys (total area about 140 square 
miles), for it is in the valleys that the population is concentrated and the demand for water is 
greatest. 

About 87 percent of the estimated 8,650 people (1960 census) in the area live in the 16 ~ 
communities in the valleys, but most of the population are directly or indirectly dependent on 
agriculture for their livelihood. Dairy farming is the principal source of income in the region, 
followed by the raising of sheep and beef cattle. The mountains surrounding the valleys furnish l 
summer pasture for livestock, and the irrigated land in the valleys supplies the necessary winter ! 
feed. Park City was once the center of a major lead- and silver-mining district, but only two mines \ 
in the area were being worked in 1968. Recreational development (for skiing, fishing, and the ) 
like) is an increasing contributor to the economy of the area. ' 

The area is approximately bisected by a drainage divide; the northern part, including 
Parleys Park and most of Rhodes Valley, is drained by the Weber River, and the southern part, 
including Heber Valley and Round Valley, is drained by the Provo River. These major streams 

·both have their beginnings in the western Uinta Mountains, and both are part of the Great Basin 
drainage system; the Weber flows north and west to Great Salt Lake, and the Provo flows south 
and west to Utah Lake. 
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per year. The difference, an average of 1,600 acre-feet per year, plus any diversions from Beaver 
Creek, is the conveyance loss of the canal. 

The discharge of Beaver Creek is not measured, but the creek enters the Weber River 
between the stations near Oakley (site 2, fig. 5) and near Peoa (site 4, fig. 5). No other perennial 
tributaries enter this reach of the river, although the Weber-Provo diversion is taken out: the 
difference in average discharge at the two stations, adjusted for the canal diversion, should 
therefore approximate the average discharge of Beaver Creek. Although the average discharge of 
the Weber River near Oakley for the entire long period of record is 159,300 acre-feet per year, 
the discharge near Oakley for the period of record available near Peoa is smaller-about 139,000 
acre-feet per year. The Weber-Provo Canal diversion {average for the period 50,600 acre-feet per 
year) is removed from the river below this station, leaving about 88,500 acre-feet per year a; the 
discharge of the main river above the gaging site near Peoa. The average discharge at the station 
near Peoa, however, is 107,100 acre-feet per year; the river gains 18,600 acre-feet per year 
{average) between the two stations. Some of the gain is undoubtedly ground-water discharge 
from the unconsolidated deposits in Rhodes Valley, but most of the gain is the discharge of 
Beaver Creek; an arbitrary estimate of the contribution from Beaver Creek is about 17,000 
acre-feet per year. 

The gaging station on East Canyon Creek is many miles downstream from the area of this 
study; less than half the drainage area of the creek above the gaging station is in the study area. It 
is probable, therefore, that the average discharge of East Canyon Creek from the study area does 
not exceed 15,000 acre-feet per year. 

Chemical quality 

All surface water from the Weber River drainage basin that was analyzed was chemically 
suitable for domestic, stock, and irrigation use. Chemical analyses of seven samples of surface 
water from the Weber River drainage basin are reported in table 5. All the samples are dilute 
calcium bicarbonate type water. The most concentrated of the seven samples (445 mg/1) was 
from Silver Creek at the old Silver King Mine near Park City. The stream at that point almost 
certainly included ground water discharging from the mine tunnels, which is more concentrated 
than most surface water in the area. 

GROUND-WATER HYDROLOGY 

Ground water in the consolidated rocks 

The consolidated rocks in the Heber-Kamas-Park City area are an important 'element in 
the total ground-water system of the area. Springs and wells that discharge water from the 
consolidated rocks are the principal source of supply for water users in the mountains. Moreover, 
much of the water that enters the rocks in the mountains either reappears as springs along the 
margins of the valleys or moves into the unconsolidated valley fill as recharge in the subsurface. 

Water-bearinliJ units 

The consolidated rocks underlying the Heber-Kamas-Park City area range in age from 
Precambrian to Quaternary. A generalized stratigraphic summary of the consolidated rocks is 
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given in table 1. This is a composite section and nowhere in the area are all the formations 
present. Plate 2 is a geologic map showing the areal distribution of the various rock units. 

The rocks in both the Wasatch Range and the Uinta Mountains have been subjected to 
considerable deformation and are greatly fractured, faulted, and folded. The most prominent 
displacement in the area is the Charleston thrust fault, which crosses the south end of Heber 
Valley. Several smaller thrust faults have been mapped, and high-angle faults of small 
displacement are numerous. Joints and fractures are ubiquitous, and solution openings are 
common in the carbonate rocks. These openings and the faults play a major role in controlling 
the movement of ground water in the area. Small folds are abundantly present, but they exert 
little influence on ground-water movement 

Water moves through the rocks along the abundant fractures, solution openings, and fault 
planes, and thus any formation may be, at least locally, water bearing. In his report on the Park 
City Mining District, Boutwell (1912, p. 24) observed that the water in the mines _ca~ 
prjncjpa!ly from "the red shale and massive quartzite" (Woodside Formation and Weber 
Quartzite). Officials of the United Park City Mining Co. agree that most of the water in that 
company's workings appears in tunnels that penetrate the Weber Quartzite (J. Ivers, Jr., oral 
commun., 1967). 

In 1967, the few wells in the project area that were finished in the consolidated rocks 
derived their water from only 11 of the more than 30 geologic units under the area. The 
producing formations were the Quaternary tufa deposits, the Tertiary volcanic rocks, the Knight 
Conglomerate, the Preuss Sandstone, the Twin Creek Limestone, the Nugget Sandstone, the 
Chinle Formation, the Ankareh Formation, the Thaynes Formation, the Oquirrh Formation, and 
the Weber Quartzite. Other units, especially the carbonate rocks of Pennsylvanian, Mississippian, 
and Devonian age, yield water to springs in the area, and Feltis ( 1966, p. 14-17) states that in the 
Uinta Basin, southeast of the study area, some water is obtained from the Park City Formation of 
Permian age and from the Uinta Formation of Tertiary age. More wells in the study area obtain 
water from the Tertiary volcanic rocks than from any of the other formations, probably because 
the volcanic rocks are the shallowest consolidated rocks in the areas where most of the bedrock 
wells are located. 

Aquifer characteristics 

tn a broad way, for the purpose of evaluating areal movement of ground water, the highly 
fractured rocks of the Wasatch Ran e can be regarded as a single homogeneous aquif~r, and the 
same is pro a y true of the rocks in the m a oun ams. n t e small-Scale involved in 
selecting sites for the development of water supplies, however, the aquifers are grossly 
heterogeneous. Information from drillers' tests of wells finished in the consolidated rocks shows 
that the development of supplies of water sufficient for irrigation, industrial needs, or public 
supplies from the consolidated rocks depends upon the wells intersecting water-bearing fractures. 
Even in a fracture system that is properly described as "closely spaced," however, the distance 
between adjacent fractures may be very large compared to the diameter of a well. Hence, the 
construction of wells to intercept water moving through fractured rocks tends to be a 
"hit-or-miss" affair. The large discharge of water from mine tunnels near Park City should not be 
taken as an indication of the potential yield of wells. Each tunnel drains many miles of workings, 
whereas a well usually drains a relatively small area. Small supplies, adequate for domestic use in 
single-family dwellings, can probably be obtained from several of the consolidated rock units. 

Drillers' reports of a few wells (table 3) include the results of pumping tests, generally of 
only a few hours duration. The test results were evaluated by the method of Theis and others 
(1963) to derive the values of aquifer transmissivity included in table 1. 
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Table 1.-Generalized stratigraphic summary of the consolidated rocks of the 
Heber-Kamas-Park City area 

FD~tlOCI Lltholo&Y and thl.ckMU Wat•r·Hu·ll\& pr••Pflrt.h• 

Cale:aracnat tufa d~t1te4 fro. the vatar of tharaal aprina•· tlaldt .... wtar ta wlll. lh..Numl wara aprlna• now 
Tufa ••potiu ••rl)' opura c:alc1-.. carbouu. Ver)' poro~a. Tb:lc:Dell \lnknotm. fr• tuh dapot1U • "ut IDtarc• or walar 11 probabl:r under~ 

but locally uea.Oa 70 feet. lyina Mdo. Tufa appar•nt ly h fH'..-.abh aM tran .. tta vat., 
r...S11y. 

Chiefly aDd .. :Ltic pyrot.laatict with lome int.rc.aln.ed flow rocU. Yloldo 11211e vatar to wlla, chtdly In the Parley• tark ar ... 

!ktruah'a ia'Mou• rockl tnclud•• kat:tlay Volcantct and 1"1bbh Pona~;tion. tb.ieknau &m· and to nt.nerou• ... 21 apr h'lll•. ...... DC th1t obu:rved apdn•• 
eartain. lNt reportedl7 .. ,. fllxc:aed 1,000 feat. au alorl!: frac:tur .. or contacte. ,~·:~!i!i:~~ity aotU..tod frc-. driller.' reporu a• About 

lncludea a fev ... 11 bodhl of b&Jic rockl 1n the Uinta Mountain• lntrulivt roc:k.1 yield IOitle wat•1' ll'\ •In• tunnah frca ft".artutal, 
lntn.Jihl iJMOUI I'OCk.l and N.n:y large au1u oC 11'&1\itic. rode• t.n the \iaJ1tch lana•. but have little •1snU ttanr-• •• aqui lara 1n the area. 

Thicknen unknown • 

tuffacu''" •nd u.,.- bed a and loeal consJomer•tic lanau. Thick- Jlot knovn to yield vat•r tn th• a"tdv •r•a. 
Fowku for.at ion neu and atratiar•phic relation• uncertain. Prelent only in 

axtr...e oorthwutern part of the ltudy area. • 
FlU¥ial and lake depoaiu. PTa11nt only in the: axtrtatt aouth Mot known to yit:ld vatar in th• 11ud., area, but r•ported•~ 

Uinta Tonution eftd of the: 1 tudy •rea. Thic\cnua in the araa unknown. auppliu lomt: vella )oc:ally in th• \ltnta &a1in to th• 10\tth· 
•••t (Felti.a, 1966}. 

Cuy and raddbh conglomerate: in aanive bed1. chiefly fluvial. lhld• vatu to a fav vt-111 in th• n<'lt'thern part of th• llud)' 
Xnizht Con,a:loeaerate Thick.nen 11 wruch at 2,000 hat. are&. Trannin1v1ty probahl)' )•u than 135 ft3/d/ft. 

Wanahip for-..tion of 
Karine aanchtone and ahale. Tb1ckn•u •• aueh •• 5,000 feet, Not known to yield vatar ln th• eutdy area. brdhy (1952) 

!c.ho Canyon Con&l~r&te- CoaalotM:rAte and· conslc:oeratic aandatone and acme abale .and a J4ot penetraud by wlh :ln th• etud)' araa, but aupplle• • J•w 
of £ordley (194/o) few coal bed•. Tbicknua at taut 3,100 feet. apr ina•. 

Ro~rine ard .. r1Dt landatone, abate, and coal. Tbicknut Mot penetrated. by vall• in th• UUtiy araa. Probab h eourt• 
Frcmt1er Porution .ore than 2,100 feet . of .a f•" ~~mall lprins• • 

Conalcmerau and aha.le.. Thickneaa aa INCh a• l,SOO feet, but Mot known to yield vaur :ln tha ttud.)' ar••· 
Prlce J..iver Foraation probably leu ~ the atudy area. Preaent only in the extreme 

aoutt'. end of tbe area. 

Alpen Sh&h Dark sray aari.ne •hale. Thiclmeu &bout 2SO feet. Do. 

Cont1Mntal depo.iu, pr.edmainantly red colored. tbitknua about )Jot penetrated by wlb in th• atudy area. bur auppUea • f•w 
Kelvin ForNtion 1.~ feet. •prina•· 

tiOrrbon For.at ion 
Continental depoaita, locAlly containinl abundant dinoaaur re• .,t known to yield water ln th• atud)' are&. 
uino. Tb.iclcnua uncertain, perhapt aa aueh aa l ,200 feet. 

Mota~.ri.re ailtatone and aandltcme. Thic:ltnen probably -.ore T:lelda Rll.ll ..ounta of wter tC"o 1 hw vella 11'1 th• ana. ln• 
Preust Sanduone than 1,000 faet • tufficient cbu to aau .. u tun••1 .. Jvity. 

Ught-c:olored apliatery lt.eatone. Tb.1ckneu aa .x:h u 2,000 'Yield• water to aeva.ral wlla and •rt"inaa 1'h tbe au&, prob&hly 
tviD Creek Lt.eatone feet. frc. fraetura• and aolution c!vlt s ... Oata augg .. t tran•~ 

•ialt.Vit:y of len ta-an ll) rt /d/lt. 

CroSibedded eoU..aD aancht:ooe 1 aenerall' aa.e abade of -red. Yblda water to aevaral ftli• tn th• araa. ,.ran.ailli'Yiry 
ttuaa:et S.Ddatone Tb:iekDeu u 110ch aa 1,200 feet. ~;~~~J};,;7. (about 65 ft /4/rt) but locally aa h1tth ao 

Mixec! "DOTaarine aedt.e.nt•. pner&lly red. tbick~•• \11'lee.rtain, Yhld• .au.ll ~u of wt•r ttl wlh in the Parle-n ParL. 
Chinle Fonut1on 'Probably lell the S,OQ feet. area. 'tran.Diuivit:y probably l•u than 13S ft: 3/dift. 

Sbin.aru.rp Meaber of the FluvLa.l aand1tooe .and eanglG~Berate. 1'bkk:nea• about 100 feet Mot known to yield v.az:•r ~n rhcr au .. h ar••. 
Chinh Fonaat ion in the atudy •rea. 

.lnkareh Fo~tion 
Chiefly red ailtatone, a.an:l•tont:. and a hale. Tb1eknu:a .ore Yield• a little ftte.r to wlh 1n thfl rarle,- Park area frnr. 

than 1,000 het. aandy bed a. lnauffici•nt dat• ''' ••t laate tran&lr!iaaivh , .. 

Calcareoua .. rine aecliaenta. Tbickne .. -.:>re than 2,000 feet. Tielda acmt wter to • f•w vol h ano1 aprin~a, l•rp,ely frCW~~ 

~)TJeS For-ation fr&cturet aDd aolutioh op•n11U'•· ln•u!!leient d&t& to ••tJ· .... trannilaivity . 

led ailtatone, aandatone, And ahah .• lb1eknen •bout 500 feet. bportedly yblds water t(\ thco •~n" hltml'la in the: Park C'tt-.. 
Woodaicle foraation ar" frail fracture5. 

Lt..estone, photphorite, cherty eiltatone 1 and ah.IJ.le. Th1c.lcrreu Not ta:ppea by well• in th• •~ uJv •t'"", but reportodly ybl,\• 
Park City foraation. •bout l • .SOO feet. ,,_, v.ur in the llinta a&ain (ff'lt , •• 1966). 

Du.or.:i Creek Sandstone 
Light-colored croeabedded a&ndatont.. tbielmea& up to 1,000 Kaither of tbeae tvo fof"'aat lf\n• S• .. nf I Lclently extensi .... "' '" feet. Pruent cm.ly in the ext.raat: aouth end of the •tudy are.&. the. a tudy area to be f.ar\,rtan' a• IIIQ\! U era. lie wells i.t'l (1\P 

area tap either foraatt.,n. hu\ a 1 .. , . .-mAll apr 1.n~a 1n th" 
Dark~ colored, br•cc iA.ted, tbin·bedded lU..atone. thicknen up extreme &outh end of th• ar•• ptu.l,,<.,. water from one or to..'\11 

lirkm.an Liaeatone to 1,600 feet. Pre&ent only 1r. the extnmec aoutb e.nd of the of tb.ue form.a.ticma. 
atud)' .are.a. 

Interbedded &andatcme and lt.eatone eont&inins ·~ ahale and Yialda aome water to wth at\o.\ llf"t l'I'1A•· C'h1efly frotll frat"turP" 
Oqui.rrb Foraati.on atlutone. Thiekneaa aa DJch at B ~000 feet, but probably and aolution openi..nJ.a. Tl&f\a•UII h \tv a at 1-.ated AI •~ut 

leaa in the atudy araa. Preaent only aoutb of Heber City. 270 ft3/d/ft. 
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Table 1.-Generalized stratigraphic summary of the consolidated rocks of the 
Heber-Kamas-Park City area-continued 

f'o,...ticrf) LS.tholo, atlld thldr.neu 111t•r·M•rha ,. .. ...,..,. ••• 

Chiefly IUY <roubo4do4 t.,.,lt_. Thlckneu \Ill' u :S,OOO feet. Yield• ... 1 t -.ounu ef •• er to • t•• "111. rr .... r:t ... ~~ 

Veb•r Qu•ru 1te ahiltt.y h 'fUY low, Wt l"lpottedh yield• lar1• 4fi\Jifttitt•• 
of wahr tr~ frattur., lft th• ••"• wnrlr.•na• MAr Park City. 
Principal IOUI'C:I or tqtll' in the -~MI. 

bd aand1tone and ahab 1at«rf1naara with Ue Weber Quartette 1lo lnfo~Uon Dl'l ••t•r·Marlnt ''OJM'rt t•• In th• au,..,. arM, Jlloraan ror.atton 
in part. 'l'h1ck.Mn up to 1,000 faat. but priaaty ,.,...ablltty 11 proh•bh hw. 

laund Valley 1.1Mtt- Lllht·1n7 .. rlna llooeatona. Thl<IIMU 2~·400 f"t. )lo vt.llt panurau the torNtlf'ln I~ lh• etudy ar•a, but tt 
yblda wt•r to m.arou• •prJ"•'· 

MeriM ahe.h, aUutone, e:llyttona. and U.,.ttOI'Ie. ~lelc:nau .,t pehatrated by wlh ln th• ar•a 1 but aupplhl 1 f•v ... 11 ll&nni.n& CenyotL She h 
300·500 tnt. •prtna•. 

' 

Chiefly aar1~ liaatton .. and d.ol~itu. Tb:ieb.au fr• 3,000 Not penetrate4 bJ welh II\ th• ana. but J1•1d• waur frQIII. 
Millblipp1an ancS Devonian 

to 6.000 feet. ftae tun• an4 lolut lcm opan 1naa 'o ••ny apr 1ns•. A aajor 
roekl vodfvl.ded aquUar. 

Chiaf17 ahalea and quartzttea. 'l'bidm .. • vncartaln.. probably Mot known to )'ield wur in th• ltvdJ erea. 
C.-brian .. d iJMb.Ur") rock• 

VDO!ividK 
up to 3,000 feeL 

Prec•hrht~ rocka undivided Chiefly •taaed 11Denta. thic.kneu unknown. Watar-Marina potential vnknOIIfn. but f'robably ... u. 

Recharge 

In most of the mountainous area, the soil cover is thin and permeable, and rain or 
snowmelt can infiltrate readily. The rapidity of infiltration into the rocks in the mountains is 
indicated by the reports that the discharge of the mine tunnels in the Park City area increases 
noticably during the period of spring snowmelt and runoff. Moreover, observation well 
(D-2-5)32bad-1, finished in the Tertiary volcanic rocks, shows small rises of water level only a 
few hours after a rainstorm over the area. The water level in one of the nonflowing thermal 
springs near Midway (see p. 21) also rises rapidly in response to rain or snowmelt in the 
mountains. 

Movement 

As has been indicated, water moves through the consolidated rocks readily, principally 
along the abundant zones of fracturing and solution openings. The direction of movement is, in 
general, downhill from recharge areas in the mountains to discharge areas near the margins of the 
valleys. 

Whether any appreciable amount of water leaves the study area through the consolidated 
rocks is difficult to ascertain, but an unbalance of 17,000 acre-feet per year in the gound-water 
budget for Heber Valley is probably due to movement out of the valley through the consolidated 
rocks. The structural feature most commonly suspected of draining water from the area is the 
Charleston thrust fault, which passes entirely through the Wasatch Range. Deer Creek Reservoir, 
on the Provo River, lies directly across the outcrop of the Charleston and associated Deer Creek 
thrust fault (see pl. 2), and the water budget tor Deer Creek Reservoir (see p. 8) indicates that 
there is no loss of water from the reservoir along the thrust planes. Because there is no detectable 
movement of water from Deer Creek Reservoir down the Charleston thrust fault, it is probable 
that no significant amount of ground water leaves the study area along the fault. 
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DiJch.,. 

The principal manmade discharge of water from the consolidated rocks in the area is 
through the extensive mine workings in the vicinity of Park City (fig. 7). The amount of water 
discharged by the few small-capacity wells that penetrate the consolidated rocks is only a very 
small part of the total discharge. Natural dischar e is throu h numerous s rin s, mostly around 
the margjns of the valleys. and through direct infiltration into the unconsolidat deposits in the 
valleys. 

The total discharge from mine tunnels is estimated as at least 50 cfs (cubic feet per 
second) or 36,000 acre-feet per year. The discharge of the Spiro Tunnel, near Park City, was 
reported in 1935 as about 15 cfs and "a rather steady flow" for several years (G. H. Tayl9r, 
written commun., 1935). The flow of Drain Tunnel Creek, which consists principally of the 
discharge of the Ontario No. 2 Drain Tunnel, is measured at a weir about 5 miles downstream 
from the mouth of the tunnel (fig. 2). The losses to evapotranspiration between the tunnel 
mouth and the weir probably equal or exceed any gains from ground-water discharge to the 
stream. The average discharge of Drain Tunnel Creek is 15.9 cfs ( 18 years of record). The 
drainage from the Mayflower Mine enters Drain Tunnel Creek downstream from the 
above-mentioned weir; in 1967-68 the discharge of the Mayflower Mine drainage was estimated as 
about one-half that of Drain Tunnel Creek at the weir. Smaller amounts of water are discharged 
from other tunnels in the area. 

The water dischar ed from the Alliance Tunnel (quantity unknown) provides the 
municipal supply for Park City; the disc arge rom the other tunnels is used for 1rngat1on m 
Parleys Pari< and Heber Valley. 

A large but undetermined amount of water is discharged from the consolidated rocks 
through numerous springs. In 1968, the Utah State Engineer's records included claims to water 
from about 250 springs that discharge water from the consolidated rocks. The springs are nearly 
all associated with fractures or solution openings. The largest springs in the area flow from 
solution openings in the limestones of Pennsylvanian and Mississippian age. For example, three 
springs near the mouth of Snake Creek Canyon discharged about 13 cfs from the limestones 
during the summer of 1967. 

An unusual hydrologic feature of Heber Valley is a group of therma! springs near the 
town of Midway. Although the springs are located on the Snake Creek alluvial fan, and are 
underlain in part by alluvium, their source is deep seated and they represent discharge from the 
consolidated rocks. A more detailed discussion of the thermal springs has been given elsewhere 
(Baker, 1968), and they will be described only briefly here. 

Most of the thermal springs do not flow and are known locally as "hot pots." The typical 
hot pots are small pools of warm water that occupy shallow depressions in the tops of mounds of 
calcareous tufa (fig. 8). Seventeen hot pots in the area have been examined by the writer. Four of 
the hot pots are artificially discharged to supply water to swimming pools at resorts, 2 pots 
occasionally overflow, and the other 11 discharge water at the land surface only by evaporation, 
although some thermal water may be discharged into the valley fill in the subsurface. 

The temperature of the water in the 13 pots without artificial discharge ranges from 17' 
to 34°C (54°-94 °F}. and the highest temperatures are in the 2 pots that occasionally overflow. 
Water temperature in the 4 pots that are artificially discharge ranges from 38° to 40°C 
( 100°-104°F). Addition of heated water from below to many of the pots is very slow, and the 
water of a few pots.irtower than that properly classified as "thermal." 
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Figure 7.-Water discharging from the Spiro Tunnel near Park City. 

Water moves from the tunnel mouth to this drainage ditch through 

the pipe in the background. Discharge is about 15 
cubic feet per second. 

Figure 8.-Typical hot pot near Midway. View looking east from a 

point about 7 feet above the ground. The opening is about 9 feet 

in diameter and the top of the rim is about 5 feet above the 
road in the upper left corner of the photograph. Water 

level is about 1.5 feet below the rim. 
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In addition to the hot pots, at least 7 thermal springs in the area flow perennially. The 
discharge of these springs ranges from a few gallons per minute to about 3 cfs; the total discharge 
of the 7 springs in 1967 was about 7 cfs. The water temperature of the 7 flowing springs ranges ':i 
from 30° to 46°C (86°·144°F). ::1 

I 

L 
Chemical quality II 

Nearly all the non thermal water from the consolidated rocks is suitable for domestic use i 
accordin to the standards of the U.S. Public Health Service (1962); the exception 1s some water ' 
rom the volcanic rocks that is high in tron. t e water IS hard to very hard, and many residents 

of the area use ion-exchange type softeners in their domestic water systems. Water from thE; hot 
pots is too mineralized to be desirable for domestic use, and plentiful supplies of better water are 
available from the springs that furnish the public supply of Midway. Even water from the hot 
pots is used by livestock; and, according to the criteria established by the U. S. Department of 
Agriculture (U.S. Salinity Lab. Staff, 1954), all water from the consolidated rocks in the area is 
suitable to use for irrigation. Although water from the hot pots is in the high salinity hazard class 
for irrigation, it can be used for salt-tolerant crops on the premeable and well-drained soils in 
Heber Valley. 

Samples of water for chemical analysis were collected from 28 springs, wells, and tunnels 
that tap the consolidated rocks; the analyses are included in table 5. The locations from which 
the samples were collected and diagrammatic representations of the concentrations of the 
principal dissolved solids in some of the samples are shown on plate 3. Four kinds of water can be 
distinguished from four general sources in the consolidated rocks. Figure 9 illustrates average 
analyses of samples of the four kinds of water. 

Water from the sandstones and limestones of Jurassic age and older is represented by 
diagram 1 (fig. 9). The water is of calcium magnesium bicarbonate type and is not highly 
mineralized; the concentration of dissolved solids in 13 samples from these formations ranged 
from 104 to 488 mg/1. Most samples were hard according to the classification of the U. S. 
Geological Survey (more than 120 mg/1 hardness), and many samples were in the very hard range 
(more than 180 mg/1). The concentration of silica was low; the samples ranged from 8.2 to 25 
mg/1, but most were below 20 mg/1. The percentages of sulfate and chloride were low (each less 
than 20 percent of the total anions). and chloride was generally slightly lower than sulfate. 

Diagram 2 (fig. 9) is typical of water from the shales of Triassic age; 1 sample was 
collected from a spring, 1 from a well, and 3 from mine drain tunnels. The water is of calcium 
sulfate type, and generally more concentrated than that from the limestones and sandstones. The 
concentration of dissolved solids in 5 samples ranged from 218 to 691 mg/1. All samples were in 
the very hard range; the hardness of 2 samples exceeded 300 mg/1. Concentrations of silica ranged 
from 6.3 to 21 mg/1. 

Water from the volcanic rocks is represented by diagram 3 (fig. 9). The volcanic rocks 
yield calcium bicarbonate type water; the concentrations of 5 samples ranged from 249 to 1,020 
mg/l. Four samples were in the very hard range,. but water from the volcanic rocks was generally 
softer than water from the shales. Concentrations of silica were much higher in these samples 
than in water from other sources in the area. The silica concentration ranged from.22 to 52 mg/1, 
but only 1 sample was below 30 mg/1. The relative concentrations of sulfate and chloride in these 
waters was also distinctive; the samples contained from 3 to 5 times as much chloride as sulfate. 
The volcanic rocks are the only consolidated rocks in the area that yield water containing 
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Figure 9.-Diagrams illustrating differences in quality of water from 

various sources in the consolidated rocks. 
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substantially more chloride than sulfate. One sample was very high in iron (34 mg/1), but this 
seems to be a local condition; the few other analyses indicate little or no iron in solution. 

Water from the hot pots is a calcium sulfate bicarbonate type (diagram 4, fig. 9), and is 
by far the most mineralized water in the area. Concentrations of dissolved solids in 10 samples of 
the thermal water ranged from 1,650 to 2,160 mg/1, and total hardness ranged from 960 to 1,270 
mg/1. The water is saturated with respect to calcium carbonate at normal temperatures and 
pressures; calcium carbonate precipitates from samples that are allowed to stand for a few days 
exposed to the atmosphere. 

Ground water in the unconsolidated deposits 

The principal source of water to wells in the Heber-Kamas-Park City area is t'he 
unconsolidated alluvial fill in the major valle s. Unconsolidated deposits in the mountains have 
lttt e s1gm 1cance as aquifers. The stratigraphy, lithology, and water-bearing characteristics of the 
unconsolidated deposits are summarized in table 2. The areal distribution of the various units is 
shown on plate 2. 

Unlt 

Table 2.-Generalized description of the unconsolidated deposits in the 
Heber-Kamas-Park City area 

Litbolou and tbiekneu W.ter ... b.ar1na properth• 

l"OOT"lJ 1ortM •inure of .. ur1&1 ra11111DI ill abe fro. clay to boult!en. Tb••• d:epoliU fora th• 'belt and W"ol1 productive aqu1hn ln 
Youna•r atlwiW~ All bed1 ap,.ar to be lenticular aDd dtacor~ti~NDUI. Thtc:kn••• r•oa•• the 1tudy area. W.ter .. tabl• condu 'one pr~~inate. My-

frca 0 to about 1.000 faet. UnderUu the valley floor• of Reber Valley. drauUc conduc:tlvlty r•na•• fr• a-o to ~ ft /d/ft2t Htt· 
lhcd.u Valley, Parleyt Park., and tound Valley a'Dd foi"M low terrace• ...ted apeelfie yield rena•• frc. U to 15 percent. -· aloua the aarsiraa of Haber and lh.od.aa Valleya. Tb• two valtt eatmot be w 1 h and .. ny 1prirc• ln tha au.s,. ana yield nur frc. 

Older allu.tt. 
duti....,uhecl lltbolostully; the tarrac&l are -pped aa older alluvba then d.a~1u. 
aDd the valley floora •• younaar alhrviu., but older alluvia- probebly 
abo uudnU.ea the Yalley floora. 

Unlorted -tar tal r&D~itll frc. clay throush bould.era. '!'hickDeaa unkDowrl. ll)'d.rolosic: propertlaa V!lknOWD, but the aeattare4 aaall de. 
LaDdalt.de depo~~tu Preaent Obly b a fn t.aolaud areal of the ~taina. JN>altl have IMI b,.STolotic etcnUicaM• ln the n·aa. 

lDCludea ovt_.h depot»1U, .r~raiul de~iu, and l'laciallT atri&ted bare n.. ... u •reae of Mrted outw.•h ~nd'oubredJy Jtor-e and 
Clac.i&l depoaiU arovncl. PTueut i'ft tbe hither alev.t lou of both the W..atcb. a..uaa aad trauait aa.a 1round .. tar. but tk• ahchJ dapolitl ... 

the Uinta Mountalu. .e.ol• have ao a1p1ftcanca aa aqulhn in the uud,. aru. 

Older bf.ah- !eYel lft'&Yil Pla!Mid aurface1 UDdert.iD 'by thin dapoeitt of p-avel. 'l'b.lckDea• UDCertain. Mo tbta c:onc•rnina hyd:rolostc ch•rac-terhtlca. but aot 
aurfac•• of UDC:ertairl Preeaat only in aoutr..a.taru pe.rt of nudy araa. alpiflcant •• .n aquifer tu tb1 ttlold~ area. ... 

Heber Valley 

Heber Valley, on the Provo River, is the largest of the four valleys included in the study 
area (pl. 1 and fig. 1 ). The valley floor is roughly triangular in plan and has an area of about 44 
square miles. The Provo River enters the valley at the northern apex of the triangle and flows out 
near the southwestern apex. Three small tributaries of the Provo River-Lake, Center, and Daniels 
Creeks-enter the valley near the southeastern apex, and a fourth tributary, Snake. Creek, enters 
about midway on the western side of the valley. The valley floor is thickly blanketed with 
unconsolidated debris, and each of the tributary streams has built a substantial alluvial fan at the 
mouth of its canyon. 

Two wells in Heber Valley that pass through the entire thickness of unconsolidated 
material reached consolidated rocks at depths of about 310 feet. Geophysical studies, however, 

25 



indicate that the maximum thickness of the unconsolidated deposits may exceed BOO feet locally 
(see appendix, p. 57). The material is poorly sorted, and because there are no well-defined beds 
of material of very low or very high permeability, the unconsolidated valley fill can be treated as 
a single, essentially homogeneous, water-table aquifer. 

Aquifer characteristics.-The calculated hydraulic conductivity of the aquifer in Heber 
Valley is about 50 ft3/day/ft2 (cubic feet of water per day per square foot), and the 
transmissivity is in the range of 6,700-20,000 ft3/day/ft. These values were calculated using 
values of specific capacity of wells obtained from drillers' tests and using the value for 
ground-water accretion to Deer Creek Reservoir calculated on page 8. Conventional aquifer tests 
were not made because the valley contains no large-capacity wells. 

, 

Drillers' reports for 35 wells in the valley include the results of pumping or bailing tests, 
generally of 2 hours duration or less (table 3}. The specific capacities determined from these tests 
ranged from 0.2 to 25 gpm (gallons per minute} per foot of drawdown. Because the specific 
capacity of a well is greatly influenced by the well construction-thickness of aquifer penetrated 
and open to the well, method of finish, method and amount of development, and a host of other 
factors-as wen as the duration of the test, the largest specific capacities are probably most 
indicative of the potential of the aquifer. The largest specific capacities of wells in Heber Valley 
(25 gpm per foot of drawdown) were used to calculate the aquifer transmisivity by the method 
of Theis and others ( 1963); the calculated transmissivity was about 6, 700 ft3/day/ft. 

The calculated ground-water accretion to Deer Creek Reservoir is 47,000 acre-feet per 
year (p. 8). Using Darcy's law in the form: 

T = 119.4 0/IL 

where 0 is the ground-water discharge (47,000 acre-feet per year), I is the slope of the water 
table near the reservoir (0.02 foot per foot), and L is the length of the reservoir shoreline 
adjacent to the valley fill (13,900 feet}, the transmissivity, T, is calculated as about 20,000 
ft3 /day/ft. 

The specific yield of the aquifer material was estimated from drillers' logs as follows: 
Each logged material was assigned a value of specific yield and this value was multiplied by the 
percent of the total depth logged as that material; the resulting figure was the weighted specific 
yield for the given material in that hole. The weighted specific yields of all the materials reported 
in each log were summed to give the average specific yield of all the material drilled. The values 
of specific yield assigned to the various materials reported by the drillers were values that have 
been determined largely by hydrologists in other areas and the interpretation of drillers' terms 
followed the schemes summarized by Johnson (1967, tables 17 and 24). 

The specific yield of the upper 30 feet of the aquifer material was estimated from 20 logs; 
the values of specific yield ranged from 8 to 20 percent and averaged about 14 percent. The 
specific yield of the total thickness of material penetrated was estimated from 17 logs of the 
deepest wells in the valley. The total depths of the wells ranged from 100 to 225 feet and 
averaged 144 feet; the values of specific yield ranged from 7 to 21 percent and averaged about 12 
percent. Accordingly, the value of 14 percent {for the upper 30 feet of the·material) was used to 
compute annual recharge, and the value of 12 percent (for the total thickness of the valley fill) 
was used to compute the amount of water in recoverable storage in the aquifer. 
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Ground-water budget.-The ground-water budget for the valley fill in Heber Valley is 
summarized as follows: 

Recharge: 

Irrigation water and precipitation on the 
valley floor • • . . . . . . . . 

Subsurface inflow 

Total recharge: 

Discharge: 

Net evapotranspiration loss (evapotranspiration 
less precipitation) . . . . . . . . . . . . 

To Deer Creek Reservoir 

To Provo River . . . 

Subsurface outflow 

Total discharge: 

Acre-feet 

56,000 

30,000 

86,000 

11,000 

47,000 

11,000 

17,000 

86,000 

The derivation of each of these values is explained in the following sections on recharge 
and discharge. 

In the calculations of recharge and discharge (both in Heber Valley and in Rhodes Valley) 
the assumption is made that precipitation on the valley floor is entirely consumed by 
evapotranspiration. This assumption is, of course, an oversimplification; some of the precipitation 
reaches the water table as recharge and some runs off as surface water. The calculated totals for 
both recharge and discharge are not affected by the simplification. 

Recharge.-The unconsolidated deposits in Heber Valley are recharged by precipitation 
on the valley floor; by infiltration of surface water, especially water spread over the land for 
irrigation; and by subsurface inflow from the surrounding consolidated rocks. The amount of 
recharge derived from the infiltration of precipitation is small and probably occurs primarily 
during the spring period of snowmelt. Direct infiltration of water from the Provo River is also 
small; most of the time the Provo River through Heber Valley is a gaining stream and removes 
water from the aquifer rather than adding water to it. 

The infiltration of irrigation water is the major source of recharge to the valley fill. Most 
of the valley bottom is irrigated, and because the infiltration rate is rapid, each application of 
irrigation water adds considerable recharge to the aquifer. · 

The average annual recharge in Heber Valley is somewhat more than the average annual 
change in storage, but the difference between annual change in storage and annual recharge 
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probably is not great. Hence, the average annual change in storage can be used as the budget 
estimate for average annual recharge. 

The average annual change in storage in the water-table aquifer is equal to the product of 
the annual change in saturated thickness, the specific yield of the aquifer material, and the area 
of the aquifer. 

Water levels in about 25 wells in all parts of Heber Valley were measured by various 
agencies, and were reported by the Provo River Commissioner, during the period 1945-60. The 
Commissioners' reports distinguish four subareas or divisions of the valley. The four divisions, 
their approximate areas, and the average annual change of saturated thickness in each division for 
the period 1945·60 (from the Provo River Commissioners' Annual Reports) are tabulated below: 

Average annual change 
Area in saturated thlckneu 

Division (acres) (feet) 

Above irrigation 3,000 4.97 

Midvalley 21,000 25.58 

Lower valley 3,200 13.52 

River bottom lands 800 7.58 

The estimated average specific yield of the upper 30 feet of the aquifer materials is 14 
percent; if that estimate and the tabulated figures are used in the equation, the computed average 
annual change in storage in the unconsolidated deposits in Heber Valley is 86,000 acre-feet. 

The principal sources of recharge to the valley fill, as stated earlier, are infiltration of 
irrigation water and subsurface inflow from the consolidated rocks. Neglecting minor sources of 
recharge, the approximate contribution from each of the principal sources can be calculated from 
the following data: 

The total amount of water diverted for irrigation in Heber Valley each year is reported by 
the Provo River Commissioner; the average for the period 1945-60 was 87,000 acre-feet per year. 

The average amount of water required by crops in the valley during the irrigation season 
(May-September) can be calculated by the Blaney-Criddle method (Blaney and Criddle, 1962). 
Using data published by the Utah State Engineer's office (Criddle and others, 1962) for hay and 
mixed pastures in Heber Valley, the crop water requirement is calculated as 43,000 acre-feet per 
irrigation season. 

Part of the water required by the crops will be furnished by precipitation during the 
growing season. Using data from the May-September precipitation map of Utah (U. S. Weather 
Bur., 1963), the precipitation on the valley floor during the irrigation season is calculated as 
12,000 acre-feet. 
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So the contribution to recharge, in acre-feet, from irrigation is: 

Water diverted for irrigation .•..•.••........•.....•..•.... 87,000 

Plus precipitation .•.....•.....•..•...••....•.......... +12,000 

Total: 99,000 

Less crop water requirements ...•....•................... -43,000 

Difference (available for recharge): 56,000 

And the contribution from subsurface inflow, in acre-feet, is: 

Total recharge .............•.......................... 86,000 

Less recharge from irrigation .....................•...... -56,000 

Difference (recharge from subsurface inflow): 30,000 

Movement.-The direction of ground-water movement through the unconsolidated 
deposits in Heber Valley is shown by the water-table map (fig. 10). In general, the direction of 
movement is toward the Provo River and downvalley. During periods of peak stream discharge, 
the direction of movement in the immediate vicinity of the river probably would be reversed. 

The water-table map indicates that Snake Creek, like the Provo River, is generally a 
. gaining stream in Heber Valley. The three tributaries from the east (Lake, Center, and Daniels 
Creeks), however, are losing streams. The coarse-grained fan deposits across which these streams 
flow as they enter the valley are at altitudes well above the main valley floor, and the water table 
is several tens of feet below the surface of the fans (fig. 11 ). The increased depth to water in the 
area of these alluvial fans reflects the higher altitude of the land surface; the slope of the water 
table beneath the fans is about the same as the slope of the water table elsewhere in the valley 
{fig. 10). 

Water-level fluctuations.-1 he water level in wells in Heber Valley fluctuates in response 
to the seasonal recharge-discharge cycle (figs. 11 .and 12 and table 7). Generally the water table is 
highest in late May or early June and gradually declines through the summer, fall, and winter. 
The lowest level of the year is commonly reached in February or March, shortly before the spring 
thaw. With the coming of the thaw and the heavy spring runoff, the water table rises rapidly, and 
again reaches a high in May or June. This seasonal rise and fall of the water level is illustrated by 
the graph of well (D-4-4)14abb-1 (fig. 12). 

Man's activities have somewhat altered the cycle in Heber Valley. One effect is the 
intermittent addition of recharge by irrigation during the growing season. In well (D-4-4)23bcc-1 
(fig. 13}, the smooth summer decline of the water level is interrupted by many small but rapid 
rises, each resulting from the rapid infiltration of irrigation water applied to nearby fields. A 
second effect of man's activities is shown by the same graph-near Deer Creek Reservoir the 
water level in the aquifer is controlled by the water level in the reservoir (fig. 13). Except for the 
minor fluctuations from irrigation during the growing season, the graph of the water level in the 
well is a subdued image of the graph of the water level in the reservoir. 

Comparison of the long-term graphs with the graph of departure from normal 
precipitation at Heber (fig. 12) shows that the aquifer is in a state of equilibrium, with recharge 
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Figure 10.-Map of Heber Valley showing water-level contours in 
September 1967. 

30 

T. 
.3 

........... 
"-. S. 

t 

i 



JANUARY 
' ~~ 

'­'-.. ~~ 

lase !rom U.S. Geoloaical Survey 
1.250.000 (AMSl series: Salt Lake 
Cotr. Utah: lyomina (1963) 

0 

"£ E ····~ 

R.~-

2 

---160-----
Line of equal depth to water, in feet below 

land surface, dashed where approximate 

Observalion welt 

• Other well used for control 

i!oepth to water, in feet below land surface 

'-$~ ~::::::::1 IB 

i 
--"[ 

3 Ill I L£ S 

Less than S 60-100 

5-20 

More than lijO 

Boundary of valley fill 

Figure 11.-Maps of Heber Valley showing depths to water in January 1967 
(near seasonal low) and June 1967 (near seasonal high). 
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Figure 12.-Water levels in selected wells in Heber Valley and cumulative 
departure from the 1931-60 normal annual 

precipitation at Heber. 

about balanced by discharge. Very wet or very dry years are reflected by unusually high or low 
water levels, but the peaks of each graph cluster about an average line, and there is no indication 
of a significant long-term change in water levels in Heber Valley. 

Storage.-The total volume of water in storage in an aquifer can be calculated by 
multiplying the total volume of the aquifer by the total porosity of the aquifer material, but such 
a figure is of little value, because part of the water in an aqu'ifer is held tightly by molecular 
forces and cannot be recovered. The recoverable water in storage, that is, the volume of water 
that can be removed from storage by wells, is equal to the product of the volume of the aquifer 
and the specific yield of the aquifer materials. It is difficult to get an accurate estimate of the 
total volume of alluvial fill in a valley, but the volume of water theoretically recoverable from 
the upper 100 feet of the aquifer can be calculated. 

Available information on the thickness of the valley fill in Heber Valley indicates that it 
extends at least 50 feet below the water table under most of the valley and at least 100 feet 
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below the water table under at least two-thirds of the valley. The average specific yield of the 
aquifer material to a depth of 100 feet is estimated as 12 percent. Using these figures, the volume 
of water theoretically recoverable from dewatering 100 feet of the unconsolidated deposits in 
Heber Valley is calculated thus: 

28,000 acres x 50 feet x 12 percent= 170,000 acre-feet (approximately) for the upper 50 
feet and; 

28,000 acres x 60 feet x 0.66 x 12 percent= 110,000 acre-feet (approximately) for the 
next 50 feet; 

total170,000 + 110,000 = 280,000 acre-feet. 

The statement that 280,000 acre-feet of water is theoretically recoverable from the upper 
100 feet of valley fill in Heber Valley should not be construed to mean that it is practicable, 
under present conditions, to recover all, or any substantial part, of that amount. The calculated 
280,000 acre-feet of water could be removed only by dewatering the upper 100 feet of the 
aquifer. However, the ground water in the valley fill and the surface water in the Provo River and 
its tributaries are two parts of a system that is presently in dynamic equilibrium. Efforts to 
dewater any part of the aquifer would, of course, upset that equilibrium, and would have 
far-reaching effects on the system. This point is discussed in greater detail on pages 46-47. 
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Figure 13.-Water levels in well (D-4-4}23bcc-1, near the south end 
of Heber Valley, and water stage in Deer Creek Reservoir. 
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Discharge.-Ground water is discharged from the unconsolidated deposits in Heber Valley 
by pumping from wells, by evapotranspiration, by effluent seepage, and probably by subsurface 
outflow through the surrounding consolidated rocks. 

The total volume of water pumped from wells in the valley is very small, and there have 
been no drastic changes in irrigation practice for many years; hence the long-term 
recharge-discharge regimen is fairly stable and should be in balance. The average annual discharge, 
therefore, should be about 86,000 acre-feet per year. 

The total evapotranspiration from Heber Valley, calculated by the Blaney-Criddle method 
(Blaney and Criddle, 1962) is about 81,000 acre-feet per year. (evaporation from Deer Creek 
Reservoir is not included in this amount). Part of the evapotranspiration loss is the s:rop water 
requirement and is supplied by irrigation water and summer precipitation (p. 28); and according 
to the assumption made on page 27, part of the loss will be supplied by the winter precipitation. 
The net evapotranspiration loss from the ground-water body, therefore, is calculated as follows: 

Acre-feet 
Total evapotranspiration ...•......•..........•...... 81 ,000 

Less crop water requirement 
(irrigation water and May-September 
precipitation) .................................. -43,000 

Less October-April precipitation ..................... -27,000 

Net evapotranspiration loss of ground 
water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 11 ,000 

Ground-water discharge by effluent seepage includes the accretion to Deer Creek 
Reservoir (47,000 acre-feet per year, p. 8) and the discharge to the Provo River (11,000 
acre-feet per year, p. 12). Ground-water discharge to the Provo River apparently occurs 
throughout the length of the river in the valley. 

The total discharge from the foregoing calculations is 69,000 acre-feet per year, or 17,000 
acre-feet less than the average annual recharge. No direct evidence of subsurface discharge from 
the valley fill has been found, but this unbalance in the recharge-discharge calculat1!>n may 
indicate such subsurface discharge. 

Thus the average annual discharge, in acre-feet, from the unconsolidated deposits is: 

Net evapotranspiration loss .......................... 11 ,000 

To Deer Creek Reservoir ............................ 47,000 

To Provo River .................................... 11,000 

Subsurface outflow ................................ 17,000 

Total discharge .............................•.. 86,000 
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Chemical Ouality.-AII the water sampled from the unconsolidated deposits in Heber 
Valley was chemically suitable for domestic use, according to the standards of the U. S. Public 
Health Service, although 2 samples of sulfate type water and 1 sample of mixed type were 
somewhat above the optimum in dissolved solids, and all samples were hard to very hard. The 
water is satisfactory for stock or for irrigation. 

Chemical analyses of 10 samples of water from the unconsolidated deposits in Heber 
Valley are reported in table 5. The locations from which the samples were collected and 
diagrammatic representations of the concentrations of the principal dissolved solids in some of 
the samples are shown on plate 3. 

Seven of the 10 samples were calcium bicarbonate type water, with dissolved soli"s 
ranging from 187 to 446 mg/1. The hardness of the 7 samples ranged from 144 to 324 mg/1, in 
the hard to very hard range. Silica concentration ranged from 12 to 43 mg/1; the samples that 
were high in silica came from the east side of the valley, where the rocks forming the valley wall 
are predominantly volcanic. 

Two of the 10 samples were calcium sulfate water, and both contained more dissolved 
solids than the calcium bicarbonate water. One of these samples came from a well at the north 
end of the valley, very near the outcropping of the Triassic shales, and the water was similar to 
that found in the shales (diagram 2, fig. 9). The concentration of dissolved solids of this sample 
was 727 mg/1 and the hardness was 464 mg/1. The other sample of sulfate type water came from a 
well near Midway. That well taps a layer of gravel overlain by tufa, and the water is similar to 
water from the hot pots, but more dilute. The sample contained 1,160 mg/1 dissolved solids, and 
the hardness was 770 mg/1. 

One of the 10 samples was a calcium bicarbonate sulfate type water. That sample came 
from a shallow dug well in the tufa deposits near Midway, and the water appears to be a mixture 
of hot pot type water and the dilute calcium bicarbonate type water commonly found in the 
valley fill. The concentration of dissolved solids in the sample was 661 mg/1 and the hardness was 
434 mg/1. 

Rhodes Valley 

Rhodes Valley. the second largest of the four valleys in the study area. is nearly 
rectangular in plan, with the long axis of the rectangle oriented about north-south (pl. 1 and fig. 
1 ). The area of the valley floor is about 39 square miles. The Weber River flows westward across 
the north end of the valley, entering and leaving through narrow canyons. The principal drainage 
of the valley is by Beaver Creek, which enters the valley from the east near the south end, flows 
northwestward, and joins the Weber River where that stream leaves the valley. At the south end, 
Rhodes Valley terminates in a bluff that overlooks the Provo River. 

The alluvial fill deposited in Rhodes Valley by the Provo River (see p. 5-7) is probably 
more than 300 feet thick under most of the valley. In addition, a sizeable alluyial fan has been 
formed where the Weber River enters the valley, and smaller fans mark the mouths of Beaver 
Creek Canyon and Hoyt Canyon. 

When the upper Provo River changed course, the stream entrenched itself in its former 
valley floor. Thus nearly 100 feet of unconsolidated material is exposed in the north side of the 
Provo Canyon at the south end of Rhodes Valley (fig. 14a). The material is poorly sorted and 
only weakly stratified (fig. 14b). 
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·rota! evapotranspiration (Blaney-Criddle method) •......•...•.•. 72,000 

Less crop water requirement (irrigation and May-
September precipitation, from page 37) . . . . . . . . . . . . . . . . -40,000 

Less October-April precipitation from precipitation 
map, pl. 2) . . . . . . . . . . . . . . . . . -22,000 

Net evapotranspiration loss of ground water: . 10,000 

Long-term discharge records of the streams traversing the valley, from which 
ground-water discharge by effluent seepage could be calculated, are not available. Most of the 
valley bottom bordering Beaver Creek is marshy and contains abundant springs and seeps; most 
of the ground-water discharge to streams probably goes to Beaver Creek. A few springs are found 
in the bluff overlooking the Provo River, and the Provo is generally a gaining stream in the reach 
between the gaging stations near Woodland and near Hailstone (p. 10). The estimated minimum 
average annual discharge to Beaver Creek, Weber River, and Provo River is 12,000 acre-feet per 
year. 

Chemical quality.-Chemical analyses of two samples of water from wells that tap the 
unconsolidated deposits in Rhodes Valley are reported in table 5. Both samples were dilute 
calcium bicarbonate type water. One sample, from a well near the south end of the valley and 
very near an outcropping of the Tertiary volcanic rocks, contained 289 mg/1 dissolved solids. This 
water was relatively high in silica (40 mg/1) and contained about equal concentrations of sulfate 
and chloride (14 and 13 mg/1, respectively). The water is evidently affected by recharge from the 
nearby volcanic rocks. 

The second sample of water was from a well near the north end of the valley, distant 
from the volcanic rocks. This water contained 205 mg/1 of dissolved solids, was low in silica (5.5 
mg/1), and contained about four times as much sulfate as chloride (13 and 3.9 mg/1, respectively). 
Subsurface recharge that affects this water comes from the sandstones and limestones of Jurassic 
age and older. 

These two samples are probably typical of the water from the unconsolidated deposits in 
Rhodes Valley. The water, although hard, is quite suitable for domestic, livestock, and irrigation 
use. 

Parleys Park 

Parleys Park is the name given to the broad, gently rolling flat north of Park City (see pl. 
1 and fig. 1 ). A ridge of low hills, extending east-northeast from Quarry Mountain, divides the 
south end of the park into two arms. The narrow eastern arm is the valley of Silver Creek, which 
heads in Empire Canyon south of Park City, flows around the east side of Quarry Mountain, 
continues northeast, and joins the Weber River about 2 miles north of Wanship ·oam. The wider 
western arm and the broad flat north and west of the hills drains to East Canyon Creek. East 
Canyon Creek rises in the mountains north of Parleys Park and flows through the northern part 
of the park, collecting the water of several small streams that flow generally northward through 
the park. The creek then turns northward through a narrow canyon and joins the Weber River 
about 20 miles north of Parleys Park. 
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Unconsolidated deposits cover only about 21 square miles of Parleys Park along Silver 
and East Canyon Creeks and in the flats northwest of Quarry Mountain (pl. 2); the rest of the 
park is underlain by consolidated rocks, principally the Tertiary volcanic rocks and the Knight 
Conglomerate. little information is available about the thickness of the unconsolidated deposits. 
The contact between the unconsolidated material and the underlying volcanic rocks or Knight 
Conglomerate is difficult to recognize in boreholes, and drillers often fail to recognize the 
contact. The differences in density between the unconsolidated deposits and the underlying 
material are too small to give conclusive results by gravity methods. The best information 
available suggests a maximum thickness of about 100 feet and an average thickness of abouT60 
feet. ---

The unconsolidated deposits in Parleys Park, as in Heber Valley and Rhodes Valley, 
consist of a poorly sorted mixture of material ranging in size from clay to cobbles. There appear 
to be no well-defined beds of material of very high or very low permeability, and no indications 
of the existence of artesian conditions. The ynconsaljdated deppsits are saturated to within a few 
feet of the land surface with unconfined 9round water. 

There are very few wells in the unconsolidated deposits of Parleys Park to provide a basis 
for estimating the transmissivity and specific yield of the aquifer. The specific capacity of one 
well is reported as 20 gpm per foot of drawdown; such a specific capacity suggests an aquifer 
transmissivity of about 4,670 ft3 /d/ft. The aquifer at the well location is about 100 feet thick, 
giving an estimated hydraulic conductivity of about 50 ft3 /d/ft2 -about the same as the value 
derived for similar material in Heber Valley. The few drillers' logs available are not suitable for 
calculating specific yield by tlie method used in Heber Valley and Rhodes Valley; however, an 
estimate of 15 percent, based on the values derived in the other areas, is probably in the right 
range. 

Recharge to the unconsolidated deposits in Parleys Park comes primarily from the direct 
infiltration of reci itation on the ark and runoff from the surroundin mountains, and 
secondarily from subsurface inflow through the consolidated rocks. Available data on the annua 
range of water-level fluctuations are too scanty to permit a direct estimate of the average annual 
recharge. The probable minimum recharge is indicated by the estimated evapotranspiration (see 
below). 

The inferred direction of ground-water movement in Parleys Park is shown in figure 17. 
Water in the eastern arm of the park moves toward Silver Creek and down the valley. In the 
western arm of the park, ground water moves generally northward toward East Canyon Creek. 
Each of the small tributaries of East Canyon Creek that crosses the park is a gaining stream, 
however, and locally ground water moves toward each of these streams. 

The water-level fluctuations in well (D-1-4)31bdb-1 were observed from 1936 to 1948; 
the well was destroyed in 1948. Well (0-1-4)31adb-1 was monitered by an automatic water-level 
recorder that was installed in October 1966 and operated intermittently through 1968. Graphs of 
water levels in these wells are shown in figure 18. The short-term record of well (O-I-4)31adb-1 
shows annual fluctuations of more than 17 feet, but the longer record of well {D-1-4)31 bdb·l 
shows no substantial long-term change in the position of the water table. 

Any ·calculation of the amount of water available from storage in the unconsolidated 
deposits of Parleys Park can be only a rough estimate. The maximum depth to water recorded in 
well (0-1-4)31adb-1 was nearly 20 feet; if the average thickness of the unconsolidated deposits is 
60 feet, the average saturated thickness (when the water table is lowest) is about 40 feet. If the 
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EXPLANATION 

Approximate direction of ground-water movement 

Boundary of unconsolidated deposits 

Figure 17.-Map of Parleys Park showing approximate direction of ground-water 
movement through the unconsolidated deposits. 

43 



2 

' 

... ., 1D 
c ... ., 
= "' 12 
C> 
a: 
"' "" 14 .. 
C> 
,.J ... I 6 ., 

.. ~ ... ... ... ... 
a: -

::t "' ... ... .. .. 
C> 

:~ 
..... 

"' .. ... ... 
C> 

J 
,J 

I 
I 

,.I 

19&6 

1936 

(D-1-4 )31edb·l 
I 

1 961 

I 93 7 

I 
1 96 8 

1 93 B 1 93 9 1940 1 9 41 1942 1943 19U 1 94 5 1 94£ 

Figure 18.-Graphs of water levels in wells tapping the unconsolidated 
deposits in Parleys Park. 
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saturated thickness is 40 feet, the area 21 square miles (about 13,000 acres), and the specific 
yield 15 percent, the volume of recoverable water in storage is about 80,000 acre-feet. As in the 
other calculations of storage, this volume of water is theoretically recoverable by dewatering the 
aquifer; dewatering the aquifer, however, may not be practicable in the foreseeable future. 

The combined discharge from wells and discrete springs in the unconsolidated deposits in 
Parleys Park is small. large seeps or marshy areas are common in the park, however, especially 
during the summer months; and these areas discharge large quantities of ground water by 
evapotranspiration. The total evapotranspiration from the park is calculated by the 
Blaney-Criddle method as 43,000 acre-feet per year based on air temperatures measured at Park 
City during the period 1921-50. Ground water is also discharged directly to Silver Creek and to 
East Canyon Creek and its tributaries; all the streams in the park appear to be gaining streams 
most of the year. It is possible that water also moves from the unconsolidated deposits into the •. 
consolidated rocks at the north end of the park. 
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ecology and environment, inc. 
4106 EAST FLORIDA AVENUE, SUITE 360, DENVER, COLORADO Em22. TEL. 303-767-4884 

International Specialiata In the Environmental Sciences 

TO : FILE 

FROM 
DATE 

SUBJECT: 

Jeff Holcomb, E&E FIT Engineer~ ~ 
July 12, 1985 

Richardson Flat Tailings 

The files pertaining to United Park City Mines at the State of 

Utah Department of Health Water Pollution Board contained information 

on the tailings deposited at Richardson Flat. The tailings were 

piped from the Ontario Mine Shaft south of Park City at a rate 

of 63 gallons per minute. This information is in the NPPES permit 

section files and can be obtained by contacting Mr. Steve McNiel 

of the Water Pollution Board. 
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ecology and environment, inc. 
4106 EAST FLORIDA AVENUE, SUITE 360, DENVER, COLORADO 81222, TEL 303-767-4984 

International Specialists in the Environmental Sciences 

TO FILE 

FROM Jeff Holcomb 'J1{ ~ 
DATE July 12, 1985 

SUBJECT: Waste Quantity, Richardson Flat Tailings 

In a telephone conversation between Jeff Holcomb, Ecology and 

Environment, Inc., and Kerry Gee, Geologist/Engineer, United Park 

City Mines, the following information was provided by Mr. Gee: 

the estimated quantity of waste or tailings material at 

Richardson Flat is in excess of 2 million tons 

depth of the tailings varies from 0 to 10 feet 

recycled paper 



.. ?"-. ENVIRONMENT/. '"ROTECTION AGENCY 
Envlronn'l(\......rl Services Division CHAIN OF CUSMDY RECORD 18&. ~oln S1rettt 

Denver. ·eoloradc 80295 
PAOJ. NO. PROJECT NAME 

,ft·tsos~:.rr A'eJw-tt1>on F1d ~'h'neyo 
-

..._. ' 0: af/" 
~· < STAT. NO. DATE TIME 0 a: 
(,J CJ 

STATION LOCATION 

!Jr.!»-L ,J,ft5 J.$10 )( ltJ,_._.J.t·f.d" A. L,_ ~· .// 

lff-~·4 ,j 11Jt5J /:!Ji.lo t.. _<;; J• ....., ~'//',.6ft 
IJr.,~-5 iJ!Ilt6 1~'15 K 

, (1-k. I 
l,.iJ-.t~H"Ir'rn M J·h,.~ 

iN,StJ-&, 
"' ,1~ 155:5 X. 

I 
_L' ~ ~·J,.,.:-n !t.uSw-

'h~1 (,/1'111.~ lt..1 t'J X. ,f'htL~n.,Ju j_ '1.• "· 
0 

~1-SMI·i t,/;.Jts JIJ65 ~ 1/A.....J.. , ~. ~- !. ./} ~ 
fr.!Ju-:J it,)»lts I~ A • $-k (J»IL i.., RAJ"-. .1 

~T-~·3 ~,..,.,Jj 11/D ~ 'Km-~ T.. ,.J_. , -,;;,~ 
lf:S..,_'I ~Juk.$ /OJ5 '· .(.. :5t ~Y,}t~. "Z.~"-1~ .s/rw..... 
1/l;-s.,.s ~J.J#J,, JU., X ~. Slr~J .. ~. s'A' ~'k.. ,_.._() 

lRr-~..(, 14/Hk /.J. 'lo )( 
~ , v 

I-'t'. ~- ~ ev..L.Jc.V# 
I 

Relinquished by: (Signetuf"J) Date/Time Received by: (Signature) 

I' I<C (}_~ .a~ "I~Jts jt.~o 
A'ellnqulstted by:/Signature(j Date/Time Received by: (Signature) 

I 

NO. 

OF 

CON· 
TAINERS 

l 
I 
I 
J 
I 
~ 

,;( 
-1 
:l. 

J 

" 

Received fer '-jboratory by: 
(Stgna~'fe' ~. 

DatefTime 

I 
Relinquished by: (Signature} 

Jtllto-v~ ' 

II· 'J REMARKS 

I ' 
1 ' 

' I l/_ 
I 

.J. 
~ "t . 
~ 

.::1.. 

.:t 
G,, 

,, IV 

Relinquished by; (Signature) 

o·•·r""' 
Relinquished by: (Signature) Date/Time Received by: (Signa tuNI} 

I 
Date/Time Remarks 

c/,lf/e~~ c1/so 
SpiiiSampiH: 
0 Accepted 0 O.CIIned -------,Signrr=II~IUN~----

8-204 7 
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ENVIRONMENTAL PRq }TION AGENCY 

REGION VIII, DEN\h:,( COLORADO 

· LABORATORY SERVICES REQUEST 
PllOJECT NAME it£.huJ:xm fTct ·-z;,.:.tt ""r PROJECT CODE,&· S'S$• ~ES COL~ BY~ oArE G/:a/"-' 
SAMPLES RECEIVED AT LABORATORY BY DATE DATA REVIEWED BY 

STATION CODE ~T-S~r'/ 
SAMPLE COLL TIME jos-.J 
STAOON DESCRIPTION ~-I -:t W-:3 Sw<61 
AND REMARKS ~1 ~. jJ ~~ uu;l +t:t £ it.3 

S/ulrtf«L 

'W ' -l..~«-r 

CODE PARAMETER \ \ \ ,..,;-r,.J 
1-..t LJJ.~ h..t-~,' TASK 1&2 METALS n,.J..,.~JJ 11<ut'JJ ~'<<l!u\tl J"l , I ,fJ 

" I ' - Aluminum \ .,.. - ' v \ i/ 17:l. v 
Antimony V"' \ v l v J v d.1 
Arsenic v j v t/ \ v ltf 
Barium v \ / ../ ,/ 36 
Beryllium v v v v ~I() 

Cadmium v \ ./ v v L.r::-
Calcium v \ v v ,/ 1'";7ct:lJ 
Chromiwn v .,. v v L~ 
Cobalt I/ ,/ v v L-5 
Copper v v / a/ 1a 
Iron v I/ / IV 7~~ 
Lead v / I / I'!? 
Magnesium v v .ol v :2a~ 
Manganese v v ... ioo' v ~v / ?6'tJ 
Mercury v~" ~ ~ 1' o.~ 

* GI'Otl979·610·570 

If J Jr.~-d. 
JZ.'iJ 

Sw~2 

nw·L-
'St'lvu-crra... 
, ... ~OJ"ar 

1-Jo-h-/ 
~ /J• f) 

1/ '77 
.r lk 
v 11 
,/ "' ,/ ?;() 

v ~ Lr;;-
,. "119~ 
/ £~ 

/ L.~ 

,/ 9 
I/' 3&9 
,/ 93 

v ~~~(;t}o 
v '13¥ 
...,.. o.1 

~..,. .. .f\N.-.3 

j)Jo 

5w-~ 

~cr~ 
$1~/" 
~t-

~ 
t/ 
,/ 

,/' 

v 
,/ 

,/ 

v 
v 

./ 
v ..., 
v 
v 
,/ 

v 

6--'l.o ... ~f' 

7:h...l 
fl.,. J.. _o 

3~D 
3S 
bs-

5"3 
LtO 

L..~ 

f.J'I~eo 
L. .. r 
t...s-
60 

~;).!l_O 

lt/9g~ 
02.6~ 
7017 

O·S7 

7.47 
11 

5f:iO 

(l7-.fvJ-'/ 
lozr 

&tu-~ 

S"~ 7Ztl?" 

'-"lo-llt' 

~ 
,/ 

,/ 

t/ 
,/ 

~ 

t/ 
v 
t/ 
./ 
,/ 

/ 
v 
v 
v' 

v 

-ro-n.R 
.J!'b. J. '"· 

4'.<"n 
. ,, 
33 
//9, 

LIO 
~ 
1a_g_~o 

-~ 

LS' 
;g 

IS'?O 
~37 

3S""'/{)() 

~0~ 
o .. 1 
UfPA-012 

tt. .:ft· ,,._ 
~~ 

"1bD ~ 



V ENVIRONMENTAL PR~·· yi~N AGENCY , .. V}
1 

"\ · 
REGION VIII, OENV~ COLORADO '._.;'f) ";-

LABORATORY SERVICES R~~ 
PROJECI NAME i1rJ~ F'4:f -,;.:.,e.¥ . PRO;ECI COD =-r~ES COLL BY%1'DATE C.~}t.S . 
SAMPlES RECEIVED AT LABORATORY BY DATE DATA REVIEWED BY 

STATION CODE ~-r-..I..,. 'f 
SAMPLE COlL. TIME II I QS""s- I II o 

~ DADAUFTFJl.. 

y \ v \ 
' cf Potassium -/ \ v ' \ v / 

Selenium \ v 
Silver \ ( 
Sodium \ v 
Thallium \v' 
Tin \ v' v ., 

Vanadium \ v / '-10 L-LD L-.10 

Zinc ,; \ Ll 16SO ~'730 

TASK 3 METAL 1\. 
C.vanide ,/ ~ ~plJ- &:1 t~~ :f. 81)~ 

SPECIAL ANION \ \ 
Sulfate -~ '294 / 'l!.3 .,/ :uo ,..., ~·g 

\ ' 4'1 '-7 :28 so 
* Gf'O I 1979 •610 • s 70 UEP'A-012 

1.33 7.5'-f 7 . ..,.l I. ....., . .,. .. 
·~ r.:: 

.;!I :tt (ct .i>-0 &. 
(poO ~ ~ 0 

.,. 



ENVIRONMENTAL PRO~ JlON AGENCY . ' • .L-1. 
REGION VIII, DENVh:'COlORADO \...$1 ~~ 

LABORATORY SERVICES REQUEST .J 7 ",.:tr.s 
PROJECT NAME ~ f(/.d :z;·b,8"' PROJECT COOE t'\(' fS(?~ES COLL avSJt;:arATE ~~)p ld 
SAMPLES REaiVED AT LABORATORY BY DATE DATA REVIEWED BY 

STATION COO£ .,._ 1-.J ~ -:5' P.I-..Sw ... , ~;--- ~u-/ J.-r--scr-1 P:-f ... J6~~ 
SAMPlE COLL TIME /2 t.o /'2.'fo /$'1Cl )J'(~ 

flj 
..J STATION DESCRIPTION < -3 $0- '-/ So-5 1- $· .. ~ sw~0 5o-! 0 -)... 
z tv 

1-
AND REMARKS tN·t£. d~~N~·c:;r 6a~isrJ ~ Jt;.;t T/v ~G n-u~-

flj 
~·/,:.p ~ > ..J-;/J",r t~· ~1\f:) . (sv) 

..J S.,:./ < '14 fO z (9-2.o-Q;r \1¥ ~ 
t, _,., ... EJ<' b -/Cf-8$' 

< (.. .. z,-~,.. b-l'i"'8\ 

CODE PARAMETER /'~ ~p \ 
Nickel ./" L30 

,. ., \ 1-- ......... ~ ~ v L.30 ...... 1/ 

Potassium \.L. _f V' I 1-- ' / L v ""' 
Selenium v ~ 1-s-' -~L5 ........ 

,.. 
v~ ,/ ~ 

~ , .... 

Silver vi L,s- ..,.,. Ls" ,.,.. """ ,/ v .... 
"" 

~-"'" v 
Sodium ./ a9~o v f--373£\") .., .. ...,...r- ,. v ...... 

/ 

Thallium ./ L!_CO ...... ~ L-I_Cf) t,;-"' V" v """v ..... v 

Tin v "' - .... ...... ........ ""' -
Vanadi LIJI v L-/CJ v ~ LIO v \..' v~o- -v ..... , 
Zinc ../ 1'110 ...... v R/2 v v ....... ~-- ...... v W"' 

.... 

TASK 3 METAL 
Cyanide ~ ~~ ·? (J)"~ v ""'"' ...... ~-- -,.... .... ,..... 

\ 

SPECIAL ANION \ \ 
Sulfate v Zl~ v 909 \ _\ 
Chlo.-,Je. -~- 33 . \ \ 

IMUitllllllllfl ..... OUWWIM llldlceMcl, !1N¥r -aaa-111 ugl1, pH In unlla. tiRidlty In .ITU, •l*lfiO conduciiiiCe lnp.mtloMim, uper ITOAET. * GPO I 1979 ·610 • 570 UEPA-012 
.....11-Q 

'1. "io 7.1o 
~ -:::::-JJ.co 



. ' 

ENVIRONMINJAL rRo:' 11~N AOlNCY 
REGION VIII, OENVt}cf COLORADO 

LABORATORY SERVICES RE~ ............. ..r...-.... 
PROJECT NAME ,e.,"~ F'4:f 7X:,&¥ PROJ.ECT COO~~~ 
SAMPLES RECEIVED AT LABORATORY BY DATE DATA REVIEWED BY 

STATION CODE '-f.S~I P--r-J 6-J• '1.. ~,-J~J -,.-r-.I u-'I 

1 o.r.s- J) "}.)' Jl, 0 Jo2.J . SAMPLE COLL TIME 
1 

I<J ... 3 5w40 1 ~-.l.. Sw'3 ~-4 

' d Potassium ..!' \ v \ \ v / ... 
Selenium v \ v 
Silver \ { 
Sodium \ t/ 

Thallium v 
Tin _\ v 
Vanadium v \ v ./ £.to L-/0 L-10 
Zinc \ 1/ 16SCJ 

TASK 3 METAL \ 
Cvani de ,t/ ,/ :>(~ ~~.JJ- _;:, [1}~ ~ e~~ 

SPECIAL ANION \ \ ;l'). 'l-~ 

~ '284 / """ 

··""' 
!UO ,. ~ ~·g "'}{..:;) Sulfate 

\ ' 4'1 "7 28 so 
* oro• ••1•·••o ·no UEPA·OI2 

'{.33 7.5'1 7.-/7 -r. ""· , ... . .):.(. 
~I =tl r<t ;J..O ~ 

G,ot) lAco <~ft. ...,/")() 



ENVIRONMENTAL PRo: }'ION AGENCY · 
REGION VIII, DENV'b(" COLORADO V ~i':, 

,.--;LABORATORY SERVICES REQUES~-.'l7 c.lfi/'ll 
J-w 74:~.., PROJECT CODE /!_-'5~d SAMPlES COLL BY 5.~DATE t.{;>ll~ 

SAMPLES RECEIVED AT LABORATORY BY DATE DATA REVIEWED BY 

STAflON CODE ,..,-.s~"{ 'Jl_ 'f ... S ~v.r (' lfl:.fo-1 J!.. '7 • .J ~-_y__ YL-r-~6 ... r 
SAMPLE COLL TIME J '1."2 0 J7.~o J.>fo )S'fo · IS"':r 

0 -.... STAflON DESCRIPTION 
5w-~···· 4( Stv .. 5 So-l o-.l.. o-3 5o-'/ So-S !:: z 

ANO REMARKS h1iil- ~~~ lt-- ~J'"~ .., I· _..,. nv"L-ti ~v ~q----- ~e 

~ 
~·,;,..(ra -J.,.i/;? $;H'I "'.R (£) sm to- !4V) "T'IC.I /i,. '(0 ~hp 

4( (, _,_() .. E/') '-l.~"'~s- \,-(q-1 I" 

~ z 
~ 4( 

., 

CODE PARAMETER \ \ 
1-P~Iw-.:~-_,.\ TASK 1&2 METALS ~ -rbf;J \ \ 

, I , Alumimm ./ L30 3s ....... \ .,/ \ v ""' 
~ v v 

I~ -t\1'. ·~I~·~) Antimony v 13 v 7 v V' v , 
v v 

v .. ., Arsenic v Ol7 /:J. ....... 
,. ~ 

,/ ...... .,; ~ 
Barium v ~6 t/ (}.7 v v v _,; 4/ 

Beryllium ,/ LJO v L-ID v ,/ 
.,. ..... 

, -v 
Cadmium v L.~ ./ ~-r t/ ./ "" 

... .,; 
~ 

I-' 

Calcium ....... ....... ~87€l0 
.,. v 

~ ;;s-~cco ....... ~ ........ ""' Chromium v L5" v LS" .\I v 
"""' 

""'It' v v 
Cobalt ./ L") ....... LS" v v ., (, v .... v 
Copper 1/ L.~ v LS" ,/ v .,.,., 

""'" _1....1" 
Iron v' So? ,/ ~~~ ~ .., v .- , 
Lead ,/ 'f;)_ v' L3o ,/ ...... ~--- ., .... ./ .... ~-" 

.. 

Magnesium ., 
5S'-/Ob ./ .)'f;lto t/ v' ...... .,; ,.,.... 

Manganese ........ !6S~ ~.t>o6 v .., ...... \ / ,.. i-"' 
V' 

Mercury .,., L.O.I v' I~. I V" v v \ .., ~I' 

' .~ • •""'RET. *GPO: 1979•610•570 afrA-012 ,....... • .._, ...... OlllefWtM lftllloeiM, ~-'-"In UIJI1, pH In lllllte,lllfDidlty In .nu, apecllle 
~ ~ ...... "• 1."/0 "[.-ID 
.,:;),1 .:t.l 

/.J.IJ6 1'-1 (I) 



. 

ENVfRONMENfAL 'ao·. fiON AGENCY ....Jt? J 
REGION VIII, OENVh:"' COLORADO (\ 1, -' 

LABORATORY SERVICES REQUE~ ... .l? ~1 , .. ,,..s 
PIIOJECT NAME i!<Juz{#n F1J Z:. ihso PROJECT CODE f'{• f SAMPLES COlL IY $)$t:n~4TE !oo !),Q (d 

SAMPLES REQIVEO AT LABORATORY BY DATE DATA REVIEWED BY 

STATION CODE 't.. -r-.J w -d' ~.,- .... ~w-L 1--r- ~a-1 ;z:r-..s ir4 fl.j,.S,~f 

SAMPLE COLL nME /11,0 /2'-/o /S'I~ JS'f~ 
" (I) 

..J STATION DESCRIPTION -c: 
-)... ~3 50- '-1 So-5 i= 5w .. ~ Sw'{, SIJ-1 ~ ~ ·~6 .... AND REMARKS 

~·~. d~~N~·,;f 6a,J:srrJ. hA·I,)I wu~-
(I) 

-t;.,·t,~p > 
..J 

-" ·r:lt;:J" . (k)) ~ ..J.,u ;,~~ t~· SJtt ~) ~'../ < ., 
"" ;-<' \~ ~-t'f-I:J(" '-/Cf-9:5' z (p-1o-&;r (.,- z. , ... Si,.. b -I 'i'B \"' ~ 

, CODE PARAMETER ..,.,~ ~2 
Nickel ,/" L.3o v ""L.-:10 

..,. 
Potassium I' 1 I 

.;' 

Selenium v r- '-s-' -"L5 v I' 

Silver v L.!) &/ L.s' ,.,.. v 

Sodium ,/ a9~ v ... 373C(') ...... 
Thallium ../ L;cc ...... "'"L-/C:O -~~ 

Tin - ..... ..... 
Vanadium v .... L-tC> v ~ L-10 v"" 
Zinc IV"' 1'1/o v ~ R/:2 ""' ... 

TASK 3 METAL 
Cyanide ~ ~~ y ~w ~ 

SPECIAL ANION l-
Sulfate ...... -~~ v ctoc=:t 
ChlorL~ ~ 33 

\ 
VI- \ v~,.. 

J 
j,. \ / 

v~< ,/ 

./ v [;;' 

/ ...... 

v VI-

V" 
"""" 

"""' 
v~ 

V' 
·I, ., 

..,. v ....... ~--

\ 

\ 
.\ 

~ 

v "" 
• v 

"' 
v 

"' 
v 

v v 
t, 

" 
-~ 

... v 
v v 

..... v 
\ 
\ 
\ 
\ 

" 
""' 
, 
v 

"""' .,. 
.... 

"" 
"""" 

... 

~ 

1.--

" ..... 

""' ...... 

~ 

UlfA-012 ,...,.,..., 



Transmittal of 

TO: J~ lf \du! c C•>'!k 

FROM: OJ. W. kw,rncr•VIcl 
DATE :_J;...,_,)_,..l--'1+~ ..._1)"""-f>-" ----

LAB :_ .... f5..:.:c'?·a~v.z....:.~~-1ffiT-· ----------

PROJECT CODE: RS- £.-SoS"- ::n 

COMPLETE REPORT: YES_.>(~- NO ___ • What samples/parameters are currently on 
ana lyt i ca 1 back 1 og =-------------------------

EXPECTED DATE OF COMPLETION: ___________ _ 

Were RCRA/CERCLA approved analytical methods used throughout? 

YESX NO If No, explain: -----------------------------

Did Quality Control for all samples meet laboratory acceptance criteria: 
YES_£ NO_. If No, explain: ____________________ _ 

What corrective actions were taken: _________________ _ 

Any unusual characteristics of sample{s) Color, Turbidity, Sediment, Odor, 
Phase Separations: YES NO If No, please explain. _____ _ 

Were samples collected properly Correct container type,: Preservation, tags 
proper)y filled out and attached: Containers clean proper volume: Container 
lekage, etc. YES#§'"rvuc~ NO X ., . If No, explain:-:-------~----

'"j"' Cx1 -,u..,-2 a..,ol !>'-\.:-s YY'K·r hnrc brr- n: .. rr~r.-1 9'1Lfij d,,,.d::. 

Did laboratory receive adequate advance notice of sample arriving?: Completed 
LSR Forms with expected dates, stations, parameters?: YES )( NO 
If No, explain: --

Were LSRs arriving with samples adequately filled out. Liquid and 
semi-solid/solid samples on separate LSRs. All parameters individually listed 
except p.p. organics {grouped). YES ><. NO If No, explain: __ _ 

Other Comments: -----------------------------------------------------
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,.. . , .... -E~·VI~~~;;~~~~·· ~~(::_;~~·~<AGENCY .... -~--, 

REGION VIII, DENVt.c, COLORADO 

LABORATORY SERVICES REQUEST 

0 -.,- ' /1 r1.., (...:' "' ;;.2 '{ <: / ,, 
11-t Jet.., -·t'.f oc a PROJECT CODEKA · ,Pi.::.. SAMPlES COLL. BY '· I' ""'J' {! • 

PROJECT NAME ;;:~ ft t( cJ ~ 
SAMPLES RECEIVED AT LABORATORY BY DATE DATA REVIEWED BY 

-

STATION CODE er-slr'-{ f 1-J \r-J·~J. l. "T . J ~ ... -3 
SAMPlE COll. TIME ·' jus-s' IZ"1..J j)lu .. 

' 

STATION DESCRIPTION GtJ-t u-.l. 
.., 

:;tU -~ 5w- I 5(,(.)· 2 Stu-~ 

AND REMARKS t.l...t.,t:t ... J e, t . ...J.' nu.l- d.~ n ,j'{'((, s:-1 ,) 
{ l)p c If .l. ~J f(d.3 

£J<-c;'· J 

,_){_/( -llf 5/uu {red. ... :),ktr Sl.,.,, 
~,.,v 

C .-rr' (._ c •. :~·t-
" -l .. - (j' (' 

.,/ - (,- 2 U•'S) .... (_,-lo ~( 

CODE PARAMETER \ \ \ -r;-r~2 1-r::l-rJ -;;.;tk.f 
I -..1 n~ f!. /. "f" ' 

lt.:;l. l, '• ' L T,,L~; !0;-;~~1. ( -(J ;J,,.."tt\../ ~~s .. 1t\..e rJ ~~ 11 ' 'l-" j .,.,j, / ~· ...;r l,,._..... ,f.~'.,-.. 

(T .. ~ 

/; lL"'· iII U1. \ ,/ 
[V' 

' v v \ 1/ l?.'l ,/ '77 t/ -:.-'J(J 
v I 1! ,l j I. l I,.) v \ v \ v \ v dl .,/ 

I~ v 35' 
; .I''.:.\. 1.1 ( v' ' v ,/ \ V' 1'1 ,/ II v· 6S 
i.c:t'llli:. v / .,/ v 36 V' til v 55 
lt:t' I lit•'· ~ v ./ L,() / ?-/() ' .L.tD i/ 4.-

1. ,', "' r l '" V' -/ v v' L~ v Lc::- ./ L-
"' Li 1c i 1.:·. v v v ,/ 1~7(00 ,.;' v I19{Y)() 1/ /;J'ftJoc 

l.l" (.j; i t•l· v t/ V' i/ L:;-- / ,L.r;;" v L.s-
lL·•·"' l r v ,/ v V' L.~ / L.s- v L.5"' 
l (.I '!'t r' v v v &/ /?}_ / 9 v ~() 
],·,.;, v v v ,V /;) c;- v :s ~~,>C) v )-;). 90 
l. t,. L 1.• v .,/ / 1'-17 v (13 v 19.\s-
: (..' I . I II ' ~ I I l :: j : V" v ..,; ,/ )). ~00 ., )l!O'lo v' )6 tQ-'.t) 

1 \,I r, t < 11. ~, \ v ~- l,o ~v 76'1 v 1139 v 7) '7 
I I I'LL.,.\ 

.,.. q_ ~, .)( o. J.. v 0.1 t/ r;. s· 7 
1t GPO: 1979·610-570 

7. 47 
All JMuHaln mgll un .... oCIIerWIM IIICIIUI~ heavy metala In 11(11'1, pH In unlta, lw-bldlty In JTV, epecllk: conductance lnjkmlloaiCtn, .. II« &TORET. 

7. ~~ 7.5L/ 
~~' 

;)./ {, I 
r·. ·, (.- •• i(. L. ··' :, 

,~.,l.t 

....... ·. 

.~ 
· {r-1 

p-r ·J' ~- 'f 
I o z..r 

Stv- ~ 

S'E -z; .. It~--

c;.- 2o·-z:}-

-,; 11'--R 
1 

I/), -.../.-L. ..J' -· 

,/ LI_'O 
V' JCf 
v 33 
v' //7 
v ~~10 

t./ L~ 

v j)("O!J() 

v L.S' 
./ Ls-' 
/ !& 
./ IS'? 0 
v ::13/' 
v 3~1/00 
V' ~~();} 

v rJ.J 
RSEI'A-012 

1.jt[,· 11-821 

;to "?'= 
d-. ., 

r /'":. J 



~.' - .r. ...... .. • -' ., ... • , •, - • .. .~ ... ;1.' j ~ • ., ·-~ 

ENVIRONMENTAL PRa-JION AGENCY ·- 'f}1 )-
REGION VIII, DENVb/COLORADO ,..,_.,/) • • 

PROJECT NAME £< /r 4-. ~e-:·"m 
LABO~ATORY SERVICES REQUESJ.) 1 , / . 

Hd ~.--e~·n5~ · PROJECT cooE J&-'6,5° SAMPLES coLt BY~~ DATE t.lh·}!$ • 
SAMPLES RECEIVED AT LABORATORY BY DATE DATA REVIEWED BY 

-

STATION CODE f~· S.,.r I /L '('- f hJ. 1. ~~ ·l...-· 3 ~~- Sv-'( 

SAMPLE COLL. TIME J orJ- 1)'1}' Ill~ )u2.) 
{/) 
..J STATION DESCRIPTION 

5tu- I 
.:::· 

S/u.- 3 S~v- '/ c( tu- I ?[(}- :J.. / 

tu· 3 ........ {t) -.)... 

E 
z 

t3ttl)., .. J..' 
n 

{/t l• •I ·(lldt'Y~ - AND REMARKS ly.,(....( I 
/)l.;d. . 

~£ 0/$ .... 
:)+ ... ~ N"'ml-.:) 'V' Gw.!....rl .... ,.. , ' (Ill ..I {/) 

1/ llj {J (J)!l 3 5t~"r·~ >- iur;..L ~-:.l ~5u.>-s- q.-- J!...:.,L {A.) ...-
..J ~A-r-t .._- ; b - ,,.o ·a r c( ~,-~/'_ _.;f· t-<'' 

z J,.;>tr"~, ,.., ~- ~~t J .~ ..... ic_, v lv CA· d--1
_.. ,_7 ... ·t5> c ('"1~L ,!_.. 

c( ~~-~t -1...~ rY .SVA.. . fflll) L ~ ..... -·. 
(,.·l<-''cl1 "'..- 2-- ·'i'( -r-:.M --~- __... I I . -rL I 

d IO.,.l.!vdi [a(J{vdJ J!r, ,\ "'·-'. 
I" I :'5;::.. r u I""'' 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION VIII 

ONE DENVER PLACE - 999 18TH STREET- SUITE 1300 

DENVER, COLORADO 80202-2413 

OCT s 1985 

Ref: 8ES 

Ecology and Environment, Inc. 
4105 E. Florida Avenue, Suite 350 
Denver, Colorado 80222 

Attn: Susan Kennedy 

Dear Susan: 

As we discussed in our October 3 telephone conversation, I am providing 
you with a partial release of data for Richardson Flats Tailings. 

Included are: total metals, dissolved metals, cyanide and sulfate 
analyses for four ground water stations; mercury and percent solids for six 
soil stations. The samples were taken August 2 and were analyzed for cyanide 
on August 27, which did exceed the fourteen day holding time. 

Yet to be completed are: total metals for the six soil stations. These 
results should be available around October 8. At that time, we will provide a 
full, final data package to you that will supersede this partial release. 
Please call me if you have any questions. 

Enclosures 

cc: Keith Schwab (W/0 Enclosure) 
· Kelsey Land (W/0 Enclosure) 

Sincerely, 

~.,k.~C\.~ 
Joan K. Barnes, Acting Chief 
Analytical Support Branch 
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